The latest g µ − 2 measurement by Brookhaven confirms the earlier measurement with twice the precision. However, interpretation of the result requires specific assumptions regarding the errors in the hadronic light by light (LbL) correction and in the hadronic vacuum polarization correction. Under the assumption that the analysis on LbL correction of Knecht and Nyffeler and the revised analysis of Hayakawa and Kinoshita are valid the new BNL result implies a deviation between experiment and the standard model of 1.6σ − 2.6σ depending on the estimate of the hadronic vacuum polarization correction. We revisit the g µ − 2 constraint for mSUGRA and its implications for the direct detection of sparticles at colliders and for the search for supersymmetric dark matter in view of the new evaluation.
Introduction
The BNL g µ − 2 Collaboration has announced [1] an improved result for a µ = (g µ − 2)/2 with twice the precision of their 2001 analysis [2] . Here we interpret these results in the context of supersymmetry. It has been recognized for some time that the muon anomalous moment can act as an important probe of physics beyond the standard model especially of supersymmetry. This is so because the new physics contribution to the leptonic anomalous magnetic moment a l scales as m = 43(16) × 10 −10 implying a 2.6σ difference between experiment and theory. The above difference was based on a light by light (LbL) hadronic correction of [4, 5] a had µ (LbL) = −8.5(2.5) × 10 −10 which was later found to be in error [6, 7, 8, 9] . Thus the analysis of Knecht et.al. [6] gives [6] a had µ (LbL) = 8.3(1.2) × 10 −10 while the revised analysis of Hayakawa and Kinoshita gives [7] a had µ (LbL) = 8.9(1.5) × 10 −10 . A partial analysis of a had µ (LbL) has also been given in Refs. [8, 9] . Thus the partial analysis of Ref. [8] finds a had µ (LbL) = 8.3(3.2) × 10 −10 and the work of Ref. [9] which computed the pion pole part finds a had µ (LbL : π 0 pole) = 5.6 × 10 −10 . Again the sign of these corrections agree with the sign of the reevaluation of this quantity in Refs. [6, 7] . Using the average of the first two [6, 7] which are the more complete calculations and using the hadronic vacuum polarization correction of Ref. [10] one finds a Before proceeding further we wish to discuss a bit further the issue of errors in the hadronic corrections specifically the LbL correction and the α 2 vacuum polarization correction. Regarding the LbL hadronic correction, in addition to the analyses mentioned above, i.e., Refs. [6, 7, 8, 9] there is also the analysis of Ref. [11] based on chiral perturbation theory. This analysis finds a 
where p is a mass of order m µ or m π and Λ is a hadronic scale ∼ 1 GeV, which are not enhanced by a factor of N C (the number of quark colors) or of O(N C α 3 p 2 /Λ 2 ) but are not enhanced by large logarithms. The coefficientsC in this analysis is an unknown low energy constant (LEC) which contains the contributions of nonperturbative physics at short distance. The authors of Ref. [11] view the parameterC as basically unconstrained except through the measurement of the anomalous moment itself. In our analysis we assume the validity of the analyses of Refs. [6, 7] . Aside from the LbL contribution, the other source of error in the hadronic correction is the contribution from the α 2 hadronic vacuum polarization correction [10, 12, 13, 14] and this error is an important component in extracting the deviation between experiment and the standard model.
The new BNL result gives the world average on a µ as [1] .
With the LbL correction of Refs. [6, 7] and assuming the leading hadronic correction to lie in the range 692(6) × 10 −10 to 702(8) × 10 −10 [10, 12, 13] the standard model prediction lies in the range a 
which corresponds to a difference between experiment and theory of about 1.6σ to 2.6σ.
Interpreting the New BNL Result for Supersymmetry
Next we discuss the implications of these results for supersymmetry. The supersymmetric electroweak contribution to a µ arises from the chargino and neutralino exchange corrections. For the CP conserving case the chargino (χ ± ) and the sneutrino (ν) exchange contributions are typically the larger contributions and here one finds [15] 
where A L (A R ) are the left(right) chiral amplitudes and F 1 , F 2 are form factors as defined in Ref. [15] . The accuracy of the result of Ref. [15] was further tested by taking the supersymmetric limit of the results of Ref. [15] in Ref. [16] where in addition the effects of CP violation on g µ −2 were also investigated. The amplitude of Eq. (3) is dominated by the chiral
where < H 2 > gives mass to the up quark and < H 1 > gives mass to the down quark and the lepton) one finds that a
SU SY µ
∼ tan β for large tan β [17, 18] . Further, one finds that A L depends on the sign of µm 2 , wherem 2 is SU(2) gaugino mass and µ is the higgs mixing parameter both taken at the electroweak scale, and thus the sign of a SU SY µ is determined by the sign of µm 2 . The above leads one to the result that over a large part of the parameter space unless tan β ∼ 1 one finds [17, 18] 
where we have used the sign convention on µ of Ref. [19] . These results have been confirmed numerically in a wide class of models [17, 18, 20] . The implications of the BNL result of 2001 has been analyzed extensively in the literature [21, 22, 23, 24, 25] within the framework of mSUGRA [26] as well as in a variety of other models.
We analyze now the implications of the new result within mSUGRA [26] . We note in passing that for a class of models with large extra dimensions the correction to g-2 from
Kaluza-Klein modes is rather small [27] once the constraints arising from Kaluza-Klein corrections to G F are taken account of [27] . Thus the extra dimensions do not interfere in the extraction of implications of the new result for supersymmetry. In our analysis we will use the 2.6σ deviation in Eq. (2) as the default value for the deviation but we will take a 2σ error corridor in the analysis. This error corridor includes the case corresponding to the smaller value of the deviation in Eq. (2), i.e., 1.6σ and taking a 1σ error corridor in the analysis. Our assumption thus gives us the constraint
Attributing the entire difference a exp µ −a SM µ to supersymmetry and using Eqs. (2) and (4) we find that the sign of µ is positive confirming a similar result arrived at in analyses based on the BNL2001 data [21, 22, 23] . The sign of µ is of great importance for dark matter [23, 24] and for b − τ unification [28, 24] . As is well known b → s + γ imposes an important constraint on the parameter space of supersymmetric models [29, 30] . The constraint is very stringent for negative µ eliminating most of the parameter space of models. For positive µ the constraint is not very strong for small tan β but becomes a strong constraint
for large values of tan β. The imposition of this constraint involves the standard model value and the experimental value both of which have significant errors. The standard model prediction of this decay including the next to the leading order correction has been given by several authors [31] . Further, there are several recent experimental determinations of this decay [32] . In our analysis we take a 2σ error corridor between experiment and the prediction of the standard model and thus allow the decay branching ratio to lie in the range 2×10 −4 < B(b → s+γ) < 4.5×10 −4 . Another important aspect of mSUGRA is that it leads to the lightest neutralino to be the lightest supersymmetric particle (LSP) using the renormalization group analysis (see, e.g., Ref. [33] ) and hence with R parity invariance a candidate for cold dark matter. The current astrophysical data allows the amount of cold dark matter to lie in the range 0.1 < Ω CDM h 2 < 0.3 [34] where Ω CDM = ρ CDM /ρ c where ρ CDM is the matter density due to cold dark matter and ρ c is the critical matter density needed to close the universe, and h is the Hubble parameter in units of 100km/sMpc. In our analysis we assume the entire cold dark matter as arising from the lightest neutralino and thus impose the constraint on the neutralino relic density so that 0.1
The result of the analysis is exhibited in Fig.1 However, Fig. 2 does not contain the constraints of b → s + γ or of relic density. With these additional constraints the upper limits would be substantially smaller.
We discuss now the direct detection of dark matter under the BNL2002 g µ − 2 constraint. The analysis of Fig.1 shows that there are substantial regions of the parameter space where all the constraints, i.e., the g-2 constraint the b → s + γ constraint and the relic density constraints are simultaneously satisfied. We discuss now the direct detection of dark matter under these constraints. There has been considerable work on the theoretical predictions of the neutralino-proton cross section σ χp which enters in the direct detection of dark matter and some recent literature can be found in Ref. [37] . Here we give the analysis of these cross sections in mSUGRA for positive µ under the new g µ − 2
constraint. Results are exhibited in Figure 3 for values of tan β of 5,10,30 and 50. We find that the neutralino-proton cross sections consistent with all the constraints lie in the range 10 −46 cm 2 ≤ σ χp ≤ 2 × 10 −43 cm 2 . A significant part of this range will be accessible at future dark matter detectors GENIUS [38] and ZEPLIN [39] .
Conclusion
The new Brookhaven measurement of g µ − 2 has confirmed the earlier measurement with twice the precision. However, interpretation of what this implies for physics beyond the standard model is very sensitive to the errors in the standard model prediction. The main surprise at the end of last year was the switch in sign of the LbL contribution. There is now a general agreement that the sign of this contribution is positive and also an agreement between two independent evaluations [6, 7] on its size. An important exception to this is the result of chiral perturbation theory, which although a more fundamental approach is beset by the appearance of unknown low energy constants which require a nonperturbative approach such as lattice gauge calculation for its evaluation. In the present analysis we dot-dashed line on top is the upper limit from CDMS [41] while the solid line is the latest upper limit from EDELWEISS experiment [42] . The lower dashed line is the sensitivity that will be reached by the CDMS experiment at Soudan mine while the dotted line is the sensitivity that will be achieved by the GENIUS detector [38] . 
